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This ,imit._,is presented in two parts. The first part covers the firét ina
series of discussions about the caterpillar engine fuel system. The second
part_wifll'cover briefly what a differential is and its purpose on a vehicle.

" --.MAINTAINING THE FUEL SYSTEM (PART I) --
" CATERPILLAR DIESEL ENGINE _.

SECTION A -- FUEL SYSTEM COMPARISONS |

Up to thiS;p_éint in the course, we have covered fuel systems for GM and
Cumm\i'ns.. ~ The Cat fuel system, although it accomplishes the same end
result of getting fuel into the cylinders, is somewhat different from the

~ other two. Let's see how.

FUELi FLOW -- Figure 1 shows a schematic diagram of the fuel flow

through a six-cylinder CAT engine.

Fuel 'for: the diesel eﬂgine fuel system‘comes.from the fuel supply.tank

- -(1) through the supply line (10), to the primary fuel filter (14), to the

fuel transfer pump (16), which is located on the bottom of the fuel injec-
tion»lpump.housing. | .

" The fuel transfer pump (16) forces fuel through the fuel injection pump

housing adapter and fuel filter housing cover to the fuel filters: (5). A
spring-loaded .bypass,‘valve (3), located in the housing adapter, main-
tainslapproximately 25 pounds fuel pressure in the fuel filter housing
and fuel injection pump housing. Excess.fuel supplied by the pump is
bypassed through the return line (2) to the supply tank.(1).

A_fter' passing through the fuel filters, the fuel flows through passagés —
in the filter housing cover and adapter to the fuel manifold (9) which dis-

'tributes,«fuel'_to the fuel injéction pumps.

_1-
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| S T : FLOW OF FUEL (SCHEMATIC) o :
o 1-Supply tank. 5-Fuel filter. 8-Fuel manifold. 13-Vent line. E
) 2-Return line. 6-Fuel injection line. 10-Supply line. . i 14=-Primary filter.
- 3-Bypass valve. 7-Fuel injection nozzle. 11-Air bleed passage. 15-Priming pump.
4-Pressure gauge. 8-Air bleed manifold. 12-Air vent valve. 16-Transfer pump. 1
Fig. 1 Flow of fuel through a six cylinder CAT.
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‘jection line (6) to the proper injection nozzle (7). A definite quanity of fuel

vent valve, a faulty transfer pump or gauge.
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A cam-actuated injection pump for each cylinder forces fuel through an in-

is forced into the precombustion chamber by the 1nJect1on pump at the proper
t1me, and starts to burn. | ‘

One air vent valve (12) is provided to vent the air from the entire fuel
system. . It is located on the adapter between the filters and the injection
pump houslng When the vent valve is opened and fuel is caused to flow by
actiom of either the transfer pump or a priming pump, air escapes through
the vent line (13). An air bleed passage (11) allows air to’escape from the
top of the fuel filter housing cover, and the air bleed manifold (8) allows
air to escape from the injection pump housing.

When the fuel system is venied, the bleed valve should be left open. unt11 a
sclid stream of fuel flows out the drain tube, 1nd1cat1ng that all a1r has
been bled from the system. |

The fuel pressure gauge (4) is connected to the top of the fuel filter housing
cover. Lack of pressure on the guage indicates difficulty in the supply side
of the system This could be caused by an empty diesel fuel tank, a closed
shutoff valve at the tank clogged filters, dirt under the bypass valve 'y open

To el1m1nate the possibility of a clogged filter caus1ng a low fuel pressure

gauge read1ng, install new filter elements

Air in the system or water in the mel can also be respons1ble for the en-
gine f1r1ng 1rregular1y or fa1hng to start. | o =

If, after eliminating the above possibilities, there still seems to be some-
thing wrong with the fuel system, check the injection side of the system.
Fuel injection pumps and fuel 1nJect1 on valves can be checked as descr1bed
later. | |
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| Many t1mes the fuel system is blamed when the fault lies elsewhere. . A / :

‘smoky exhaust may be caused by faulty fuel 1nJect10n valves, but it can also
~ be caused by a dirty air cleaner, overloading at h1gh alt1tude , badly wo;rn

piston rings, or an improperly operating or 1ncorrectly adJusted rack limit-
er. Generally, check for the simplest thing first, which would be the air
cleaners. ' '

,Irregular f1r1ng can be caused by taulty £ 1el 1nJect10n valves It can also
. be caused by the burning. of excessive lubricating. oil wh1ch 0ets past worn
. piston rings, or new rings which have not become fully seated '

SECTION B -- FUEL SYSTEM SUPPLY COMPONENTS

_FUEL TRANSFER PUMP -~ The convent1onal pos1t1ve d1sp1acement type

gear pump is: mounted on the fuel mJectmn pump housmg and 1s drlven by a
gear on the rear of the fuel 1nJect1on pump camshaft,

Th1s pump has ample capac1ty to supply more fuel than 1s requlred for en-

~-gine operat1on at any. load. . Reserve capac1ty insures. adequate dehvery of

low pressure: fuel under any operating cond1tlons for a very long perlod

. The life of the pump is determmed by the cleanhness of the fuel 1t handles.

BYPASS VALVE -- A spring-loaded, non-adJustable, bypass: valve. l1m1ts

-the pressure W1th1n the fuel supply system The valve mamtams approx-
‘imately 15 to 25 pounds pressure on the fuel in the lower chamber of the
filter housing, Excess fuel is bypassed back to the inlet S1de of the transfer

pump, or on some models it returns to the fuel tank see Flgure 1

On track type tractor engines, the bypass valve is located in an adapten :

attached to the transfer pump housing.

On wheel tractors, track type tractors With tOrque conyei-';tef:'s", A'irndust“r.i'al
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| and marme engmes, ‘the bypass valve is located near the top of the fuel

fllter housmg

DIRT PREVENTION -- Before getting to the main fuel filters, the CAT
engine has two components to guard against dirt getting into.the system,
One is a filler cap which allows the tank to. breathe and filters out dust and
dirt at the same time. . The second is a strainer located in the filler neck
01 the: tank This. strainer prevents d1rt part1c1es from entering with the
fuel when the tank is. bemg filled. | |

To ensnre- that the cleanest possible fuel is drawn from the tank, the suction
end of the supply line is raised to provide space at the bottom of the tank
for moisture and dirt to settle out. Any accumulations of moisture and

.sedlment should be: per1od1ca11y removed from the tank through the drain

valve. 'NOTE: : Filling the fuel tank at the end of each work period helps

_,prevent condensat1on from accumulatmg in the fuel tank by driving out the
| moisture laden air. ,- .

MAIN FUEL FILTERS -- From the fuel transfer pump, fuel flows to the filter
housmg which is divided into two compartments -- an unfiltered side or -
lower chamber and a filtered side or upper chamber. Separating the two
chambers are the retainer plate and the fuel filter elements.

Fuel enters. the filter housing through an inlet tube which discharges. incom-
ing-fuel high in the unfiltered chamber of the housing. . This leaves the
lower: part of the chamber relat1ve1y undlsturbed so that larger foreign
part1c1es have an opportumty to settle out rather than clog the filter
elements. After the fuel flows through the filter, it enters the upper cham- .

‘ber of the filter housing.

. TYPES OF FILTERS -- Filter elements. may be either the absorbent cotton
‘wound or. plastic 1mpregnated paper type, depending on the engine model.

In either case, the filtering process is the same: the flow of fuel is from
the outside to the inside of the filter element.

-5-
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The outer sectlon of absorbent cotton wound. elements w1ll collect and hold
particles. until fuel will no longer flow through: them at a rate to mamtam
‘maximum engine: performance. A fine grade filter paper wrapped around o
the center core: prevents the filters from d1scharg1ng the1r burden mto the;f
-clean. fuel | |

The paper type element 11ke the absorbent cotton element frlters the

fuel twice. . Initial filtering is accomphshed by use of plastlc 1mpregnated
paper, pleat-folded-around a. perforated metal core. Final flltnatmn is
accomplished by a fine. grade filter paper wrapped around the metal core'. SR
The.element will continue:to cellect dirt part1cles until fuel w111 no longer
flow through itata rate to ma1nta1n maximum engme performance. -

._ PRIMARY FUEL FILTER -- In add1t1on to the eurt preventlon ha1

tics.of the fuel tank ment:.oned above, many systems have a prlmary f1lter
- element located.in the fuel supply line. between the tank and the transfer |
E -pump. It is mounted on the governor housing. just below the governor “f" | ! 3
control linkage. - ‘Figure 2.shows:-a primary fuel filter; let s trace the flow B
of fuel through it. . e

. E

S

| Fuel from the tank enters the f11ter assembly and passes through a wash- - - ]
-able metallic. element (5) and, 1nto the transfer pumps. - Any abraswe mat- I ;
erial or sednnent (11) is removed by filter element and settles to the bot-

~-tom of the case assembly ).

1
VENT VALVE - A1r trapped in the ma1n f1lter housmg when elements - o %
‘have been changed or when the fuel system has been completely drained 1
can.-be removed through the vent valves located in both the f1ltered and - | i
unfiltered. compart ments of the. housing. SR -;

'PRIMING PUMP -- In _E‘l__g_ure 1.(15), a hand. operated pr1m1ng pump 1s o ‘
located between the primary filter and the transfer pump, W1th a connec- m
tion: downstream of the transfer pump and. ma1n f11ters, , Th1s pump makes l

‘the engine easier to start when the filters have been changed or the fuel a ?“
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| | 3 | \,S,\f,\,'.i : i A
. system has been drained. Without it, ~—_J R Kine
" excessive engine cranking is required § Xy w'o- A ;
o while waiting for the system to be ool 1 .
}  filled with fuel. NOTE: Most CAT —_— ’ N 8
L diesels are equipped with gasoline X | /
U starting engines. g | . _,_:______.-—-10
. FUEL PRESSURE GAUGE -- Figure 3 N —11
| shows a fuel pressure gauge which l'";'fcf.'.f";f.':mif"Efﬁfn;'gi'i{’,.ﬁ;ﬂ:“;ﬁ:;g:vu

is located on the filtered side of the 11-Sediment. .

filter housing. This gauge shows an

indication only when the engine is running. Lack of pressure on the gauge |
indicates difficulty somewhere in the supply supply system. This gauge

| could be thought of as a fuel filter condition gauge, since lower pressure

B usually indicates clogged filters.

Fig. 2 Prlmary fuel filter.

As the f11ter elements gradually become plugged, the indicator on the fuel o
gauge will slowly drop back from the "NORMAL", or white range, ‘tothe -+ =
"CAUTION", or green range, and finally to the "OUT", or red range. - w
f When the mdlcator reaches the "OUT" range, it is an indication that the -
! | filter eleme~ts are restricting the flow of fuel and the elements should be
; U replaced immediately. :

1

Keep in mmd that gradual dropping back of the needle as the engine is

operating indicates clogged filters, but if a sudden drop is noticed,.the

cause will more than likely be a stuck or faulty bypass valve, open vent

valve, inoperative fuel transfer pump, empty fuel tank, or restriction
. in the line from the fuel tank to the transfer pump.

g

»
r . ‘
4

FUEL MAN'IFOLD -- From the f11tered side of the filter housing, fuel
} " flows to the manifold in the fuel injection pump housing. At this point,
_ the fuel leaves the supply section and enters the injection section of the
' system. Before moving on to the injection section of the fuel system,
J let's review som~ maintenance practices that are necessary for the supply
section.

-7-
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CAUTION

Fig. 3 Fuel pressure gauge.

SECTION C -- FUEL SUPPLY SECTION MAINTENANCE

First, the fuel tank filler cap -- care of the cap is often overlooked or
neglected during routine maintenance on a machine. For completer
protection against dust and dirt entering the supply tank through the flll-
er cap, the elements in the cap should be cleaned every :50 to 250 servme
hours, depending upon the amount of dust in the air. - |

Next, the strainer in the fuel tank filler neck -- periodically ’remove,‘ |
clean and inspect the strainer when an accumulation of sediment is noticed
or when the screen becomes clogged and restricts the entry of fuel: when )
filling the tank. If it is cut or damaged by the hose nozzIe, replace the

screen but never refuel without it!

The drain valve at the bottom of the tank should be opened ewiery’ 125
service hours to allow accumulated sediment and moisture to drain from .

the tank. Sure, you'll lose a small quantity of fuel, but that loss is better

'than running with water and dirt in the tank.

AM 1-22
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What about scheduled maintenance on the filter housing? There are just
three important rules to remember. First, every 50 service hours. drain
the filter-housing to remove accumulations of sediment and moisture. |
Before installing new filter elements, always drain and flush the filter
h.ousing.

Second, never openthe fuel filter housing unless. fuel filter elements are

to be changed, Nothing is gained by checking the appearance of the elements |
--the fuel pressure gauge is the best indicator of element condition. Open-
ing the filter housing for a visual check could introduce .dirt into the fuel

- filter housing, |

~ Third, always clean the filter housing cover and around the edges of the
gasket joint before it is removed to install new filter elements, This pre-
vents dirt dropping into the filter housing when the cover is. removed.

| PART I -- UNDERSTANDING THE DIFFERENTIAL

‘SECTION A -- FUNCTION OF THE DIFFERENTIAL

If a veh1cle were always.driven in a straight 11ne , without havmg to turn |
-a.corner, the dlfferentlal would not be required. However, when a ve-
hicle turns. a corner y the outer wheel must travel farther than the 1nner |
wheel travels (1t covers part of a larger circle). For 1nstance, ifa

right angle.turn is: made with the inner. wheel turning on a 20 foot radlus; |
this wheel travels about 31 feet; see Figure 4. The outer wheel, ‘being
‘nearly 5 feet from the inner wheel, turns on a 24 2/3 foot rad1us and
travels nearly 39 feet

If the propeller shaft were geared r1g1d1y to both rear wheels ’ so that | .
they would both have to rotate together, then each wheel would have to |
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skid an average of four feet in making
the turn shown in Figure 4. In addition
the vehicle would be very difficult to
control around turns. The differential
eliminates these troubles because it
allows the wheels to rotate through

a different number of turns when the
‘vehficle makes a right or left turn. h

Fig. 4 Difference in wheel travel.

'SECTION B -- CONSTRUCTION OF THE DIFFERENTIAL

. To study the construction and action of the d1fferent1a1 let us build up,

in effect, a simple one; see Flgure 5. The two rear wheels are attached,
through the axles, to two small bevel side gears; see Figure 5 (a). There
is a differential case assembled around the left axle; see Figure 5 (b).

The case has a bearing that permits it to turn 1ndependent1y on the left
axle. Inside the caseis a shaft that supports a third bevel gear; see
Flgure 5 (c) This th1rd bevel gear, called the d1fferent1a1 p1mon gear,

is meshed with the two axle bevel s1de gears. ‘When the d1fferent1a1 case
is rotated both axle bevel gears rotate and both wheels turn. However, "
let us suppose that one wheel is heid statlonary Then, when the dlfferen-
tial case is rotated the differential pwmon gear will also’ rotate as 1t |
runs around on the statlonary axle bevel gear. As 1t rotates 1n th1s
manner, it carries rotary motion to the other axle bevel gear, causmg

it and the wheel to rotate. It can be seen that when one rear wheel ~ .
turns more rap1d1y than the other, the d1fferent1a1 pinion gear spms on | )
its shaft transm1tt1ng more rotary motlon to one rear wheel than tothe
other. When both wheels turn at the same speed the d1fferent1al-p1n10n L
gear does not rotate on its shait. |

-10-
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Fig. 5 Rear axle and differential

‘The d d1fferent1a1 case is rotated by means of a ring gear : attached to it.

u This ring gear is meshed with a drive p1n10n on the end of the propeller
shaft, see Figure 5 (d). When the vehicle is on a stralght road, the ring
f; H - .- gear,. differential case, d1fferent1a1 pinion gear, and two axie bevel gears

.~allturnas a unit, without any relative motion. However, when the ve-

. hicle begins to round a curve, the chfferentlal-plmon gear rotates on its

- shaft to permit the outer rear wheel to turn more rapidly _than_the inner
. ;_rear'whee]t- ' ‘ B

We can. say then that the d1fferent1a1 of any veh1c1e serves four bas1c
| | | 1. It transmits the torque from the driveline to the o
ﬂ - .axle shafts. o |

“ : o i , | ) -
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2. It permits one drive wheel to rotate at a different
- - speed than the opposite wheel.

3. It provides. the first step of the rear axle gear
‘reduction, thus providing an increase of torque.

- 4. . It is second and complementary to the planetary
system in offering the selection of a gear reduction
- most suitable to specific operations. |

This has been a brief description of how the differential works, There
are basically two types of differentials on the market, (1) the standard
‘and (2) the non-slip differential. These will be discussed in much great-
er detail in later units. |

- SECTION C -- DIFFERENTIAL REMOVAL

PREPARATION -- As-in previous units when we removed various parts
of the vehicle, move the vehicle to the steam cleaning area, and clean
the area of the vehicle to be worked on.

NOTE: Observe safety rules when steam cleaning the truck. Remember,
the time spent in doing a good job of cleaning will be made. up on actual’
maintenance time.

Naxt, move the vehicle to the work area and be sure it is well blockedto o

prevent rolling when the brakes are released.

REMOVAL -- K the differential is to be removed, it is not necessary to
jack up the wheels.or to remove the driving flanges or planetary gearing.

“Units equipped with 4RA rear axle have the planetary gearing.inboard

and require removal of both inner and outer axle shafts. The caps. and
outer axle shafts have to be removed. (see Figure 6) to permit acc.essibility
“to the inner shafts, the ends of which are engaged with the differential
side gears. With a tool similar to the threaded rod, shown in Figure 7,

-12-
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inserted into the threaded
hole of the inner axle shaft,
withdraw the inner shaft far
enough to grasp the end.
Remove the threaded rod.

Units having the planetary
outboard (encased in the
drive wheel) use only one
axle shaft. In this case,
remove the driving flange
cover plate and, with a
suitable hook tool, reach ~ Fig. 6 Removal of the outer axle shaft.
in and withdraw the sun pinion, bringing with it the axle shaft. All that
is necessary is to bring the axle shaft out of engagement with the
differential side gear. See Figure 8.

Remove the drain plug at the bottom of the banjo housing and drain the
differential gear lubricant.

Remove the capserews (bolts) attaching the driveline to the rear companion
flange. On some models it may be necessary to remove the snap ring
and slack adjuster from the brake control shaft.

Tap the brake shaft toward the wheel JUST ENOUGH TO ALLOW ‘THE
DIFFERENTIAL CARRIER TO MOVE FORWARD. If driven too far, the
brake shaft will carry the brake operating cam out from between the
brake shoe rollers and the brake shoe return sprmg W111 cause the shoes
to clamp down on the brake shaft, preventing the cam from returnmg to
its proper place. o D S

Remove the nuts which secure: the differential'c'a;rrier-in place. .Support
the carrier with a floor dolly or lift hoist. ) | '

-13-




Fig. 7 Removai of inner axle shaft.

With care, so as not to spring the studs or cause damage to the threads,

slide the differential carrier forward to free it from the studs. Remove .
and thoroughly clean the differential carrier, making a visual inspection

for wear and damage. .

Fig. 8 Pulling shaft out of engagement.
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FILMOND.

This film is designed to supplement uni'ts

AM 1-22, AM 1-23.and AM 1-24 by highlighting
’the main points of the CAT fuel eystems,
reviewing the technolégy behind the fuel
gystem components, and a few troubleshooting
tips to look for when the fuel system fails.:

2

As we learned in the units, the CAT supply
secticn of the fuel system is not too
different from GM and Cummins, with the
exception that CAT has '

il { 3 i, a larger capacity fuel tank
- ¢ 3., some Flexible tubing in the fuel
ke . system
A
i1 < ¢, =« filler cap strainer screen in the
. qupply tank
' 1

No., Mlexibie tubing in the fuel system,
especially from the fuel tank to the pump,
is necessary on all installations hecause
of the vibration factor involved., Try this
question azain, '

A 2

iress

@

Press A&
1
[TTLY] esaasaneageanas . ane [ ssmasasespegsntsny u,.p
2
You said the CAT supply tank has a larger
capacity. This is not true. All systems
usually have a fuel tank capacity large
enonch to last a shift of operation. Try
this question again,
Fress A 2~
1
Vel
.,
O0K. The CAT encine fuel system has one feature
as standard equipment that the other two do
not and that is the R
(> A. filler cap that allows the tank to

hreathe
strainer in the tank filler neck

drain valve in the hottom of the
tank

7 n.
(= C.

No. All systems require tie fuel tank to he
vented so it will not collapse from the vacuum
created when the fuel is withdrawn., Also
there is always a drain valve at the bottom
to drain the moisture and sediment from the .

tank on all systems, What is unique to

CAT is the strainer in the filler neck

lPress A ;7
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Another feature that CAT has on its fuel
system (and that is typical of systems
using the multl-cyllnder type fuel pump)
1s the : .

% A. primary fuel filter
2

?B,

{0 g,

transfer pump
priming pump

P e } =

st g e e -
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No. A primary fuel filter is not uncommon

on any diesel system., Some installations
have as many as six primary filters..

. ."'r.l ’4’ '... .‘.. ‘. ... V‘.‘ | )
e, e

g

No. Some type of pump is mecessary to
draw the fuel from the taunk io the vicinity
where it will be metered and pressuiizedo
The priming pump is the answer here.

rress A [

s -

Try this question again,
Press A 7
!
O
OK. Priminz pump is correct. This is a
feature that saves on the engine starting i

mechanism when air has contaminated the
system through changing filters, etc.

FUEL PUMP GAUGE -- In order for the fuel
ressure gauge to perform its function,

it would have to be located hetween
I' A, the fuel tank and the transfer pump
1 Z 8, the transfer pump and the fuel filter
housing
lig C. the fuel filter housing and the

injection pump

1

SEEEESEEHEEEERUENS

No. The only pressure that is present
hetweery the trapsfer pump and fuel tank

is atmospheric pressure. Try this question
again, ’ .

Iress A / 0_

1

/2

No. You would get o pfessure here, but it
would defeat the purpose of the gauge, and
that is to indicate condition of the
filters. 1t would have to he after the
fuel filter honsing,

. I'ress A

13

1
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VUL POMP -~ Something different on the CAT

4

encine, as compared to GM and mins,. is
the mlti-cylinder fuel pump, This mechanism
is the heart of the CAT Tnel system, It is

relatively trouble free and is efficient !
only if it is adjusted correctly,
an enzgine in itself, containing a crankshaft
with Jobhes Pistons and cylinders, It is
very much {ike the Curmins air compressor

we Studied in past units, It is gear drivenm,
and operates coustantly when the engine is
running, :

Lil ssssasssssensenn’}

It B8 like -

-
rress A 1D

a e ———————n -

/.5
Gk, This souge indicates proper pressure

in the sup¥ly side of the ?ueY sygtem.
Rememher, lack of the proper indication

on this gauge can mean the following:

Empty fuel tank
Closed shyt-off
Clogged filter

. valve at the tank
. Dbirt under the

by-pass valve
Opnen vent valve _
Faulty trausfer pump or gauge

l.lll'.-l.---nlll'l--l-l-llll-l---l..q-lln.,-.-lll---l‘ul.ll--lnlnnlnnlnu uuuuuuuuuu wssEncen

© I'ress I /7/
1
L] L { L] ! .-l.l-ul-ll-l-.-b‘un--llvnc.luu-‘i-‘u-
’?:ar.vaf-‘"“
'u-_uxs;
The precision standards to which the CAT
fuel pump is manufactured is very much like
the . . .
/{ A, Cummins PT fuel pump
. #{ B, GM variable speed governor
/ 7c. Giinjectors |
1
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B No. The PT fuel pump and the governor men=

% " tioned ahove are no comparison to the way

¥ . this CAT fuel pump is manufactured. The

E only piece of eqnlpment held to these close

? tolerances is the GM injectors, where lapping

i{ . of the parts and millionths of an inch
tolerances are involved.

' Press A ’7

E
;1
o
)
-
N —)
=

S

-~

F“-“ '0. | i"‘ -22-226241)

10/21/

0K, The CAT syetem is very similar to the
GM fuel system, the difference being that .
the fuel is metered and pressurized in a
remote position, ‘not at each injector as
the GM .is. This means that the CAT has a

: - for each cylinder,
/iA.

/5? 8, high pressure fuel line

relatively low pressufe fuel line

snsase lllllllllllllllll'llllll.ll'llll’lli}
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No. Hemember we said the CAT engine fuel
pump meters and pressurizes the fuel at a
remote position from the cylinders. This

means the lines running from the pump to
each cylinder nozzie is a yery hizh pressure

line,

f'ress A&Y

Sl t it gk o N
o = Gl ST
.

v

OK. Not only are these lines very hich
pressure lines but all of them are exactly

the same length, to : .

Z0 A. provide interchangeahility with each
: other
2| B. provide a uniform flow of fuel to
each nozzle
20O C. prevent ercessive vibration

.
nuss llllllllllllllllllllllllllllllllllll'lllllllllllllllllllllllllllllllllll

- _ o .
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No. 'These lines were not meant to he inter-
1 ~ chanzeahle, They come in sets and are
numbered for the respective cylinders,
Vibration is not a factor here either, The
correct answer is: to provide a uniform
flow of fuel io each nozzie,

. SRR
e T o

‘vress A EZ /

Now let's o inside the pump and see how
the fuel is metered and pressurized,

As we learned in the text, the metering, or

the correct amount of fuel to he injected
into each nozzle is accomplished in the

pump by — .
23‘ A. the vertical motion of the plunger
2 Y B. the rotary motion of the plunzer
1 X (: 22 o ' v _ )

) . . 5
22 i 25
. ' No. The vertical motion of the plunger

the trapped fuel The

s You answered one or more of the questions in
i1 this croup incorrectly. Before going on to
the inner operation of the CAT fuel pump,
review this section. Read carefully and

take your time in answering

|

Iress A 2

gerves 'to compress
rotary motion of the
; correct amount-of fue
. helix) cut diagonally in the plunger,
¥end1n g on speed an load of the engine.
This is identical to the operation of the
1njectors.

?lunwer allows the
to enter the recess

GM ,
Cummins

i 24,
: - B.

You must select the correci answer before
“you can advance to the next Zrame,
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0K. The vertical motion compresses the fuel,’ . :
the rotary motion meters the fuel.

‘No. Pemember in our. study of the GM injector
where the plunger was machined to maich

The CAT fuel pump is manufactured to millionths i the karrel? It is also true in tke CAT o
of an inch, Because of this precision 8 fuel pump., The fit is so close that. the
. , § little amount of heat and moisture produced

28" ' : | , i " holding a plumger in the [ingers will prevent

" A. the pump plungers are interchangeahie : " :

, =2 A etwhen harrels of the game pump: i, ® fit.
B, the pump plungers fit only the harrels i sl
2(0 theypwegepremoved from t !- _ £
24 ©. Neither A or B ahove Press A 2 (o - 3
2 2 ‘

nmeer [TZITT L ssessses [TYLTITYYITITTIT L. . LLL]
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(¥. A recess machined around -the upper end i = No. The answer we wanted here is inlet. _
of the pump plunger fcrms a helical relief, When the inlet port is uncovered, fuel flows
sometimes called a scroll. A vertical passage into the recess; it could not he pumping
connecis the recess to the space ahove the during this time. The outlet (check valve), :
pluncer, The plunger will pump only during of course, is at the top where fuel under
the time the part of the pump is pressure is forced to the spray neczzles. :
covered, ' ,
‘27 A, ‘outlet |
2% 1, inlet | rress A Zf_ :
23’? (. passage
2 2
asee sasspans asesess 2 g l . 2 (? -
(L. ‘hen the helix covers the inlet rort :
from the manifold, fuel is trm)ped in the » |
<eroll ent in the plunger. As the plunger No. t(hen the plunzer reaches the t_op of its
ri<es, the fuel is put under pressure and stroke, fuel pressure in the scroll is very
injection hegins, Vhen the inlet port is ' high. MHence, when the inlet port is uncovered, ;
_eain covered, at the top of the stroke fuel flows hack into the manifold, since *
- . . pressure there is much less,
29 A. fuel amin flows into the scroll .
; 4, fnel flows from the scroll into the : _ 1
21 ltn:mifold : |I . Press C 3/ :
20 . fuel has all heen injected and flow ‘
does not occur
2 2 ’
Sesomer i N sesenee ' aoesss v sess bid » Ll [TT1] duse . ‘, a
"ng l
Ey mﬁ
2 o
| e : CK. Since the plunger has reached the top of
| , its stroke, the fuel pressure within the ’
| _ plunger scroll is much greater than pressure
| ) ] : in the manifold., Thus, excess fuel returns
vo. More fuel is retained hy each plunger ' to the manifold. ,
' : i { a
than is ever required for the injector spray From the study of the CAT fuel pump, we learned ;
nozzle during one stroke. Thus the excess t]tla!; e?_(}}f‘tp‘l]“ggezhmal‘es a gl.lll Sgl:(f,i:e eu‘gh time N
. inl : it is lifte e cam, Since differen 4
fuel still in the scroll after the inlet amounts of fuel are required hecause of encine
port is uncovered returns to the fuel f © load, there must he a way for more fuel to
manifold - enter the scroll. This 18 accomplished by
_ 5 ‘
, 3Z A, raising the pressure in the fuel
Fress B 3/ 2 manifo%d P
5 B, inserting a different check valve
34{0. rotating the plunger
2 . 2
STV Y- SO ¢ e e e e 7 4 . e 5 e s
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" No. The pressure in the fuel manifold is held _ i
-constant by the supply pump. Besides, even No. This check valve is fixed according |
] if the pressure were raised, the scroll would to the pump size, The answer we wantecd
[:} allow only a certain amount of fuel to enter. here was: rotating thé plunger, Let's
- Try thiquHGStiOH again, gee how this would allow -more fuel to
enter the scroll.
Press A =/ .
' Y ‘Press A 3‘{/
kE : 2 .
) 2
._.. ' | “ - f ity tf‘.'w
2 LE:

L. Gk. The plunger is rotated within the pump
cylinder, allowing more cr less area of the
scroll to be exposed to the fuel manifold
orifice. This rotation is accomplished by
a fuel rack (similar to the GM injector)
which is connected to the pump covernor. As
enecine load varies, and the throttle is
constant, the covernor attempts to maintain
the required speed, But primarily, the
i:i amount of fuel metered by the fuel pump 18

!
:
l

contrelled hy the . '
- , o

fuel Tack
N, =zovernor

5 6

w0, The governor controls the amount of fuel
entering the encine only when the throttle

is constant, ‘The governor can he overridden
by the throttle ut safe operating speeds.

iress 4 3 7

st | i
_U 3 7 c. throttle |
, : : 5. ‘

{

No. The fuel rack only rotates the pluncers
through action from another source. The
answer here is the throttle, ilowever, if
the throttle remains constant, the goveraor
compensates for changes in load,

Iress 4 37

3

-

377

OK. The throttle is primarily the controllinz
factor in rerulating the amounts of fuel enter-
inz the spray injectors., Rememher, the
governor maintains engine speed to meet throttle
settings except when the rack limiter, speed
limiter and idle rack posit.ons override tie
governor, More will.bhe said ahout these
components novw,

RACK LINMITER -- The CAT engine is equipped with
what is called a rack limiter, This component
ser -os much the same purpose 2s the Aneroid
ccatrol used on the Cummins diesel, Botn
cointrols operate through .

meciianical meuns
. B, pressurc changes
i 2 ¢ C. soring loi:ded devices

ELLLELITLLLL] bunn

Ssvsatanne [TLLITL]

“;' | o 3¢

37

1) '

7Y, :
QT~§ so. This control is equipped with a diaphragm
A - that responds to changes in manifold pressure,
] The purpose of the control is to limit rack
{7 movement when there is not enough air to

{*i support combustion in relation to the quantity

of fuel injected,

U I'ress A 37

MRS | SRR s e .
7 : e s v

: 0K, The rack limiter is a pressure operated
control that limits fuel rack travel when
there is not enough air to support combustion
in relation to the quantity of fuel injected.

. Press A 40
xc 394
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"On an engine equipped with a rack limiter, ‘
. guch as we have just dizcussed, if the iurbo- &

You have missed one or more questione in this
group. Defore going on, let's review this
data again., Read carefully and take your
time in answering the questions. :

Press A 2.(0

i....._

I

Ay i o 2
s Ay W A DT

» .
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charger speed increases, the manifold pressure
increases., When ‘tliis happens, the rack limiter
is overridden and the governor has full conirol
of the engine. Let's talk now ahout.the
governor and its function.

o o e i Ao

i Press A 4/
2 i 3
J . *.
: o . Ll YT T e e e TR LY LT R DL LTI T T T ] 1] lllll"llllllllll!llllll‘l‘Il.I.lll["..."a
In Plate I, we see 2. cutaway view of a D-8 o ‘
covernor which is located in the accessory l No. The flyweights are connected to a -

drive and covernor housing, In Plate I, |
we can see that the governor flyweights move

vertical shaft which is driven through a gear
from a horizontal shaft, This shaft in turn

outward frem a position, . is driven from the camshaft gear, The fly-
. weights move out from a vertical position.
42 A. horizontal
¢ 2 1, vertical
42 . neither A or B |
Press B 4 3
: 3
3
J
2 |
to vy

¢k, The flyweichts revolve uround a vertical
shaft driven by a hevel gear through a horizon-
tal saaft connected to the cawshaft.

e covernor spring tension attempts to move the
rack in the direction to increasc fuel, while
the force generated by the governor weichts
attempts to move the rack in the direction to
decrease fuel, " :

Cinis wonid mean that ‘when a ioad on the engine
iz imposed, the covernor weichts

\. are overridden hy spring tension
#¢ 1, uove out to decrense fuel
dﬁ:{”. are overridden hy throttle action

No. VWhen a load is imposed on an engine,
rpm is reduced; this slows the revolving
shaft and the weights move in, This action
allows the spring tension to take over and
fuel is increased until a halance hetween
the zovernor flyweights and the spring
tension is again reached,

Press A ﬁ/Co

FTITT TN

YL

3
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This could be true, but would rarely ha?pen . CK., The load’innreasf;g slows the rpm which
hecause an operator cannot always anyiclpate . - slows the rotation of the governor flyweights,
changes in load, especially in off-nlghvay ;4 which allows them to move inward, When this.
CAT powered vehicles. The answer here is: i {  occurs the spring tension takes over and
tie governor weighte are overridden by the E. more fuel is injected to the engine. ihen -
spring tension, thus increasing the fuel, ' % the rpm is again regained, so is the halance
| ' g hetween the spring tension and the force of
. {  the governor weights, ’
Fress A L/'(/ } '
f Press A ﬁ‘ 7 .
s - - 3
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SPEED LIMITER -- Another protective device
~ that CAT en%ines have is the s¥eed limiter,

It does just what the name implies; it limits
the rpm under certain conditions, 'The purpose,
of this component is to limit engine speed to
low idle until enough oil pressure is present.
1t°s location is-in the governor housing, - ‘
{fith 1ittle or no oil pressure in the system,
a spring keeps a plunger in front of the arm

on the sovernor control lever. This___ ______

44 A, shuts down the engine immediately
.| ©0B. prevents the fuel rack from being moved

i A7
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No. The speed limiter ‘cannot shut down the

- engine, but it does prevent the engine from

reaching rpm's ahove idling speed. The
answer we wanted here is: that in this
position, the limiter prevents the fuel rack
from moving, _

wonld have little to do with the fuel rack in
this situation because tle rack is locked in
wosition, Try this question again,

lress A 47

‘ C. prevents the rack limiter from working a _ '
{4‘1 » ' Press A S0
3 : 3
. . ‘ .
-ll.‘l. Yy weawsuls [TYLitilll ll‘ll (T111]] (L JYT11]) 'lllll‘ ! [I1E]1] | s /‘3 ]
49 : : 50
0K. Since the ﬁovernor arm is connected through
linkrge to the fuel rack and the governor arm "
. is locked in place by the speed iilmiter, no
‘ . movement of the fuel rack is poss_1ble.
Xe, The rach limiter (previously discussed) 'f, Fuel System Maintenance Tiug == The CAT fuel
3 gystem 18 relatively trouble free if ti

1e »
following maintenance and inspection procedures
are performed. .

'l’. Use clean fuel - keep out dirt

2. Change fuel filters when pressure gauge
reads 'out', (engine must he rumninc),
3. Always drain and flush filter housing
* hefore installing new fuel filters.
4. Drain sediment and water from filter .
housing and fuel tank resularly.

Press & SO-/

3 3
| ) P - ' . : o
" A zood thing to do at the end _i)f each shift
L 1 ‘ — — No. The answer we want here is: {fill tie
=) . S ' ' fuel tanl at the end of each shift. This
¢ S A. drain 21l fuel out of the fuel tank prevents condensa tion from collecting
: % ne PO : B . - X - . Ve [As : x
[ .)2 B, £ii1 the fuel tank v within the tank and diluting the fuel,
:: . ’ ! (o‘l i N i 8 \ . z - ’ ‘ )
T 51 e imgpest,fyg) tamk vreathe cap for ,;
1: - . Fress A S 2
3 H .
- Yo R !
3 ' 3
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+* (K. A half-full fuel tank, if allowed to.
 stand for any lencth of time, and under
certain conditions, will cause condensation
{o form -- which dilutes the fuel. '

Let's move on to some hasic questions about

the voltage regulator and alternator. This .
portion of the film will consist of questions
ahout these components to test your knowledge.

|

i3
|
‘.,

53

You hnve missed cone or more questions in
this group. Before moving to new material
you will he given the chance to review,
Read carefully and think hefore answering
the questions, I
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~ The GENERATOR or ALTERNATOR is a device used ‘ L . able
{ on vehicles for the sole purpose of_ No. Vehicles using batteries are mot ah.e
s : ! to use alternating current because current
| o ot can flow in only one direction through a
f;ErA. supplying_alternating current to the - battery. The alternating current @ust be
electrical charging system ' changed to-direct current. Try this
d . N . . .
;5'7!3. changing mechanical energy into I i _gﬂBStlon agaln.

electrical energy :
:;110. supply current to the starting motors

Press A G

4 L
i
i
Cl Y4
OK. iiechanical energ¥ is changed into .
 electrical enerzy by turniug thie internal
. - parts of the aliernatqr/generator. Most
: _ . . alternator/generators are helt driven.
i The 1 > i i ’ .
No. ‘he battery supplies curreut for the 1y Alternators have proven to he morc efficient

startine motor. The alternator/generator
reciinrees the bhattery. The answer we want
ﬂ here is that the alternator/generator changes
meehinical eneregy into electrical energy.

than generators hecause they are capable of
producing more current, even at low speeds.

REGULATORS are needed for vehicle AC ind iiC
generators to .

Y 4 A. maintain maximum current outmnt

5?7“. prevent .them from producing excessive

fress 5 7 current

e . 57

-
Correct. Excessive voltage and current in
either an AC or TC generator would cause them
to mrn up. ' Regnlution is accomplished by
\ —_ limitineg the amonnt of current tiow1ug in the
0. If maximum current were prod.uced ' %ﬁnegatgr fie](?l\iqnd%ng%i A? ]:entioltled in
constantly, the generators and alternators : e text, we will not atteupl 1o o 100
, ' 1’ > ‘ 1 0 : ¢ deeply into hasic electricity at tnis time;
would bura: up from the heat. The answer , this guhlect will be covered much more
we want here is: the regulator prevents . thoronghly later on.
"then from produciug excessive current. : For the remainder of tiis lesson, we will
i he reviewine the CAT fnel system.
Tress A f? ; bress o (®
. \
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The priming pump on a CAT fuel supply system i

Not quite. You are partly correct. It does
ie nsed for the sole purpose of

, draw fuel from the supply tanl: but that is.
g } not its purpose. The priming pump is used : 3!
. to save the starting engine or other starting y
; devices from lahoring long periods of tiwe
" when there is air in the system,

é/ A. drawing fuel from the supply t_ank

/,3 B. saving the starting engine from
excessive cranking

£ 2 ©. metering the correct amount of fuel

- - ———— 4t

Press A L 3
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No. The priming pump does not meter the fuel;
this is done by the fuel pump, The answer
hére is that the .priming pump is a feature-

on CAT engines used to save the starting

S haa

1
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0K, The priming ump -is _used for clearing g
the fuel supplz a{stem of air that has been
entrapped e lines., Air can get into
the sxstem by clanging filters for instauce.
This device saves the starting mechanism
.from_laboring over -long periods. of time trying
to' clear out thls air.

atmospheric pressure, which is not indicated.
The answer we wanted here is that the fuel
pressure gauge, heing up stream from the
filters will 1nd1cate if they are clovged

and fuel is not being pumped under the proper
pressure.

lress A (9@

indication that the fuel pump is working
properly. It would tell the operator if the
fuel supply pump is operating; but the wnswer
we want here is the operator can tell if tae
filters are clogged hecause the pressure is
low., If fuel pressure is still low after the
filters have been changed, then its possible
the fuel pump may he faulty.

t b

(k, Which cne of the folleing'conditions in
the fuel supply system would also indicate
1 low reading on this zauge?

PYN

b1 s.
‘.(ai Q.

excesaive exhanst smoke
open vent valve . -

irrecular engine firing

Press A é‘éé
I
(»7
No. A smoky exhaust can be caused hy faulty

fuel spray injectors, Tut it can aiso he
caused by a dirty air cleaner overloading it
hish altitudes, or hadly worn piston rings,
The answer we want here is an gpen vent vaive
will cause a low.reading. '

| P ess A é>7

LILLLLS wanunm

No. Irresular firing can be caused hy faulty
fuel spray injectors. It can also be caused

by the burning of excessive lubricating oil ‘
escaping past worn plston rings, or new rlngs
which have not hecome fully seated, The answer
we winted here 1s that an open vent valve will J
canse a low gauge reading,

Fress A b L"

¢

(K. An open vent valve will cause a low
reading on this gauze, 3So far, we know that
clogzed filters, an vpen vent valve, and a

~ fanlty transfer pump may be the cause of a ‘
low reading. There are stlll other conditlons
that can cause a low reading; one of these
is stated helow; identify 1t

No hreather cap on the fuel tmnk
Dirty air cleaner
Empty fuel tank

2

FOA,
7t B.
7;0

N N T

device from laboring over a long period of . The runctxbu of the fuel pressure gauge is to
time when air has gotten into the system. . b ' . ° A
’ ', ¢4 A, shows that the fuel tank is properly
, 69‘? : - pressurized
Iress A ~ G.;.B; show that the fuel pump is operating b
4 6.C. indicate to the operator that the |
! ' filters are working ;
o 4 .
| .
lllli,n'fﬂl}wr‘,l.lll l’lll Y 1] (L1} (1] L] sEasans wen ""l!i‘!ﬂ
(o 4_/ (s
No. The only pressure in the ‘fuel tank is No. The fuel pressure gauge would not be an )

N 1
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No. The absence of a fuel tank breather cap
would only increase the probability of getting
dirt into the fuel tank.
again,

| L Pe
z . N
|

Try this question

f‘ Iress A b‘? |

.
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No. A dirty air cleaner would he starving
the engine for air, making combustion poc:.

it would not affect the fuel pressure gauge.
Try this question again.:

AI-‘ress. A (i ‘7
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(K, Now let's review the injection part of
the CAT fuel system which consists of the
injection pump housing, fuel manifold,
injection gumrs, lines, iniection spray
nozzles and the precomﬁustxon chambers.,

Qheckim;..tue&inimﬂnn.m}mimi_-- Before
removing major components of the fuel injection
equipment for testing, there is a simple
procedure to follow to determine which cylinder
1 c%u91p£ ?ifflrulty. Let's look at this
gimple caeck,

Cirese ) 73
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With the engine running at the speed which L
makes the defect most noticéable, momentarily
loosen the fuel line nut on the injection pump
to sufficiently cut ait’ one cylinder. Repeat
this procedure for the numher of cylinders the
engine has. If one is found where loosening
makes no difference in the irregular operation
of the engine, or causes puffing or black smohe
at the exhaust to cease, it is lilkely Chat the
pump and nozzle tor ‘that cylinder need hbe
tested.

Press A 7 ' 4

estsusunntanannen sunuess LLITTT]
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“The most likely causes for faulty fuel
injection perfornance ure:

air in the fuel system

1.

2. low fuel sapply

5. water in the fuel

4. clogged fuel filter

5. insufficient fuel transfer pum

pressure :

See Lhe CAT maintenance manual for proFer
removal and installation instructions for the
pump wnd spray nozzles, It is important to

. remember tiaai the pump housing and governor
con he removed as a unit or separately.

fress D 75 N

Let's review. To meet the chanzes in enzine
load, the volume of fuel injected is varied
hy rctation of the (1) . This
changes the position of the @

in relation to the inlet port,.

76 4
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(2)

pump camshaft
injection spray nozzle

governor flyweithts
pump plunger

pump plunger

scroll

LTI PEPLTTT Y Y YT 1Y .. susssssusetne

7 6

fotation of the pump camshaft moves
the plungers up and down in the harrels of
the pump. Also the spray nozzle position
cnnnot bhe changed, they are fixed and fuel
entering the nozzle cannot he changed at
this point of injection. ' Try this question
acain,

NQO .

Pl
I'ress A -7‘)
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True, the governor flyweights do have an
effect on the amount of fuel that is injected.
llowever, the mechanism that actually changes
the volume of fuel is the rotation of the

pump plunger. This as you recall opens more
scroll area to the inlet port,

Press A 779—
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1 J0c. (1) governor springs have overridden the ;
? flyweights, (2? fuel rack, (3) shut-off ! Press A él
: 4
' | i
i ‘“--.A . A \ (.‘ ' )
{‘ S? 2 { f"/
| t .
o . ! ‘
\“Yon are correct on (1) and (2): the governor i

e A T D

. ig%.

IDACTOR  msewo.s
0K, The governor flyweights do have an.indirect
effect on the amount of fuel that is injected,
but the real cause is rotation of the. pump

glungers, opening more scroll area to allow more
uel to enter when load increases.

As the gdvernor.fl¥wei hts move im, it is

usually an incdication that ___ (1)

and tlie SBE will move in such a
position as to the fuel.

(A. 21 a load has heen put on the engine,
2) fuel rack, (3? increase

1
52 governor springs, (3) decrease

springs would override the flyweights when
they move in and the fuel rachk would move
in a position teo increase (not decrease)
the fuel, This normally happens when a
load is imposed on the engine,

% . "

T ™ S ‘;< I

fress A 8 /
: .

“ 2

You missed one or more of the questions in
this last part of the film, Let's review
the last few frames, Read carefully and
think before you answer the questions,

" i'ress A (00

y
|

the throttle has overridden the governor, i3

i
)
{
§

Ton £ A TN L et e e, e o E

10/21/
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No.. The throttle overriding the governor
would not cause the flyweights to move in,
However, it is true that the governor springs
‘would. call for more fuel should the flyweights
‘move in, indicating that a load had been
imposed on the engine. This being so, the
fuel rack would then move to a position to
"increase the fuel,

1&2-2&246

"FILM ND.

OK. Now you're zetting it., That completes
this lesson on the CAT fuel system which
has covered three text Units, AM 1-22,

AM 1-23 and AM 1-24,

Press Rewind
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i INSTRUCTOR'S GUIDE

i Title of Unit: I - Maintaining The Fuel Systam -~ Part I

Caterpillar Diesel Engine

l ! II - Understanding The Differential AM 1-52

:. —_— S = —— . e R e

! OBJECTIVES:

" 1. To introduce a portion of the Caterpillar diesel engine fuel
system (supply section),

2. To explain the importance of 2 differential, its function, how
it operates, and how to remove one from a vehicle.

LEARN?ING'AIDS suggested:

Vu - Cells: AM 1-22 (1) Flow of Fuel Through a Six Cylinder CAT
AM 1-22 (2) Primary Fuel Filter .
-AM 1-22 (3) CAT Transfer Fuel Pump
AM 1-22 (4) - Exploded view of Fuel Pump
' -AM 1-22 (5) - Rear axle and differential

) Models: Any models. of the CAT fuel system components you can
3 ' bring into class will help. Things such as fuel filters,
B filter replacement elements, priming pump, transfer
] - pump, etc. '

»y QUESTIONS FOR DISCUSSION AND GROUP PARTICIPATION:

1 [ 1. How does the CAT fuel tank differ from the GM or Cummins fuel tank?

2. What two places does. the fuel transfer pump maintain pressure? How
much pressure? o |

3. Is all the fuel pumped sent to the filters? Explain,
What is the purpose of the air vent valve? Where is it located?

5. If the fuel pressure gauge shows no pressure, what could be wrong?
What does a gradual drop mean? A sharp drop?

. 6. What are the dirt prevention components ahead of the. main fuel filters
' ‘that are characteristic of CAT engines?

7. When would you use the priming pump?

8. On a CAT engine why isn't it necessary to visually check the fuel
filters? ' S | ' '

9. Why open the drain valve on the fuel supply tank periodically? Explain.
10.. Why have a differential on a vehicle? - -
11. What purpose does the ring gear serve in a differential?

Lo
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